We report a laser with two different SGDBRs that mode-lock at 640 and 700 GHz repetition rates, respectively. Stable pulse trains at 640 GHz, 666 GHz, and 1.34 THz are observed under particular driving conditions. OCIS Codes: (140.4050) Mode-locked lasers; (250.5980) Semiconductor optical amplifiers; (320.7090) ultrafast lasers.
shows the I-P curve from the rear-SGDBR at V SA = -2.9 V. The maximum output average power was 8.56 mW at I Rear-SGDBR = 300 mA. Fig. 2(b) shows the optical spectrum with I SGDBR = 272 mA. The central wavelength was 1545 nm with a channel spacing of 5.09 nm and 3 dB bandwidth of 6.07 nm. The spacing of the peak wavelength of the adjacent channel corresponds to the ML repetition frequency of 640 GHz. The measured autocorrelation (AC) trace is shown in Fig. 1(c) and the average period of the measured emitted pulse train is 1.56 ps. The AC width of an isolated pulse was 0.80 ps, which deconvolves to a pulse width of 0.52 ps, assuming a sech 2 pulse shape. The time-bandwidth product (TBP) of the pulse is equal to 0.39. Similar ML behavior could be observed from the SOA facet when the front SGDBR, gain section and the SOA were all forward biased, with a reverse bias applied to the SA section. In this case, the ML frequency was 700 GHz. However, due to the contribution of the rear SGDBR section and the nonlinearities primarily in the SA, gain and SOA sections, the device produced much more interesting results, such as ML at frequencies equal to the sum, or the mean of the designed frequencies of the rear and front SGDBRs, depending on the drive conditions. Fig. 3(a) shows the output power (P) from the SOA side as a function of I Gain for different I SOA values in the case in which V SA = -2.0V. The maximum output power was 52 mW at I SOA = 350 mA, and with I Gain = 300 mA. Fig. 3(b) shows the measured AC trace of the pulse train from the device operating at F r =1.34 THz at V SA = -2.9 V, I Gain = 260 mA and I SOA = 80 mA. Also shown is a simulated pulse train with an additional 24.3 GHz modulation frequency. The average period of the measured emitted pulse train was 0.75 ps, which corresponds to an F r of 1.34 THz, i.e., the sum of the defined values, 640 GHz and 700 GHz. The 24.3 GHz modulation frequency is related to the fundamental round-trip frequency corresponding to the 1770 µm cavity length which includes the SA and gain section cavity (1670 µm) and the effective length of the front and rear SGDBR section, i.e., 40 µm, 60 µm, respectively. Fig. 3(c) shows the measured AC trace at V SA = -2.1 V, I Gain = 300 mA and I SOA = 250 mA. The average period of the measured emitted pulse train was 1.50 ps, corresponding to F r = 666 GHz (i.e., the mean of 640 and 700 GHz). This is because when I Gain and I SOA are heavily pumped, the optical spectra defined by the rear and front SGDBR widen due to the strong self-phase modulation (SPM) and the modes consequently overlap. The central wavelength was 1564 nm with a channel spacing of 5.43 nm and 3 dB bandwidth of 5.27 nm. The TBP of the pulse is equal to 0.33. The average power was 46 mW giving a corresponding peak power of 120 mW. 
